Abstract
Introduction
Amyotrophic lateral sclerosis (ALS) is a rare and progressive neurodegenerative disease involving loss of cortical and lower motor neurons in the spinal cord and brain stem [1] . The clinical features of ALS include signs and symptoms of progressive muscle atrophy, fatigue, and problems with swallowing, which typically lead to respiratory failure and death [1] . The insidiously progressive nature of ALS results in death among most patients within 2-5 years of diagnosis [2] . Although rare with an estimated US prevalence of 5.0 cases per 100,000 population [2] , ALS exacts an immense burden for patients, caregivers, and society [3] .
ALS makes up about 70% of cases in a disease class known as the motor neuron disease (MND); other main clinical phenotypes of MND are isolated bulbar palsy (4-8% of cases), progressive muscular atrophy (5%), and primary lateral sclerosis (1-3%) [4] . Although ALS is the most common MND, it did not have its own code in the US prior to the 2017 update of the International Classification of Diseases, 10th Revision (ICD-10) rubric. Prior to this update, the ICD-10 code for MND, G12.2, included both ALS and other MND.
The objective for the present analysis was to determine ALS mortality rates for the entire United States for the period 2011-2014, ascertained using ICD-10 code G12.2 as coded using the pre-2017 rubric, but excluding deaths from other MND and other diseases, including progressive supranuclear palsy (G23.1).
Methods
Multiple-cause mortality data for all deaths involving MND were obtained from the National Center for Health Statistics, Centers for Disease Control and Prevention, for all 50 US states and Washington DC during 2011-2014. This time period was selected to match initial, complete years of data collection conducted by the National ALS Registry, a registry of US cases operated by the Agency for Toxic Substances and Disease Registry [5] . MND-related deaths were defined as the ICD-10 code G12.2. Un-coded causes of death as reported in the medical certification section of the death certificate obtained by National Center for Health Statistics were manually reviewed and records in which ALS was not listed as a cause of death were excluded.
ALS death rates per 100,000 persons were then age-adjusted to the 2000 US standard population using the direct method [6] . Population estimates used in SEER*Stat software [7] were a modification of the annual time series of July 1 county population estimates by age, sex, and race/ethnicity determined by the US Census Bureau [8] . Modifications included bridged single-race estimates derived from original, multiple race categories in the 2000 and 2010 Censuses [9] and accounted for known issues in certain counties [8] . The modified county-level population estimates, summed to the state and national levels, were used as denominators in rate calculations [8] .
For the rate calculations, ages were grouped in 5-year intervals to 84 and 85 years and older. Corresponding 95% CIs were calculated as a modification of intervals based on a gamma approximation for rates and an approximation of the F distribution for rate ratios [10] . Death rates were examined by sex, age, race (black, white, or other), Hispanic origin, year of death, and place of residence at death (state, Census division, and state tier). A map showing the geographic distribution of age-adjusted death rates used the 25th, 50th, and 75th percentiles of state rates as cut points. For further rate calculations, state of residence was aggregated into tiers and Census divisions. The northern tier includes states generally north of 41-42 degrees north latitude; the southern tier consists of those states lying south of 37 degrees north latitude; and the middle tier consists of the remaining states. All rates and average annual percent change (APC) in rates were calculated using SEER*Stat software [7] .
Results
There were 30,804 deaths in the United States coded as G12.2 during the study period. Of those deaths, 6,476 (21%) were excluded from this analysis. Among the excluded decedents, other MND or neurologic disorders frequently appeared as a cause of death: 5,039 with progressive supranuclear palsy; 558 bulbar palsy; 331 primary lateral sclerosis; 80 progressive muscular atrophy; 351 with a nonspecific term for MND; and 117 with some other cause. After exclusions, 24,328 ALS deaths remained for 2011-2014. The majority of ALS decedents were white (n = 22,245; 91%) and deaths among men predominated (n = 13,611; 56%). The age range of the decedents was 14-102 years (4 decedents were younger than 20 years). Age-adjusted rates, expressed per 100,000 population, were stable between years (Table 1) with an annual percentage change that was not statistically significant (p > 0.05).
The overall rate for all 24,328 ALS deaths was 1.70 (95% CI 1.68-1.72); for male decedents, the rate was 2.09 (95% CI 2.05-2.12); and for female decedents, the rate was 1.37 (95% CI 1.35-1.40; Table 1 ). The overall rate ratio for males was 1.52 (95% CI 1.48-1.56), and a similar ratio between sexes was seen across age groups (Fig. 1) .
Overall rate ratios for race were 2.64 for whites and 1.48 for blacks compared with other races (Table 1 ). The rate ratio for non-Hispanics compared to that of the decedents of Hispanic origin was 1.85 (Table 1) . Similar patterns by race and by Hispanic origin were observed across age groups (Figs. 2, 3 , respectively). The overall rate for decedents aged 0-49 years was 0.22 and increased with age through the 70-79 years category (rate = 9.71) and decreased among those aged ≥80 years (Table 1 ). Figure  2 shows a similar pattern in the age-adjusted rates using 5-year age categories, reaching a maximum rate in the 70-79 years category (overall rate in this age category = 10.59; male rate = 12.46; female rate = 9.12). The APC for rates by sex, race, Hispanic origin, and age was not statistically significant.
The choropleth in Figure 4 visually displays rates by state and suggests states at greater latitudes are associated DOI: 10.1159/000488891 with higher mortality rates. The rate for the northern tier of states was 1.89 with a rate ratio of 1.22 compared with the southern tier (p < 0.0001; Table 1 ). The confidence intervals for rate and rate ratios at each state tier were non-overlapping (Table 1) . Stratifying the state tier results by race showed a similar trend among whites but not among blacks and other races (Table 2) . Similarly, the rate ratios among Hispanics did not suggest an association between the state tier and ALS mortality in that demographic (Table 2 ). Comparing other Census divisions, the Mountain division, the West North Central, New England and East North Central divisions had greater rate ratios (p < 0.05) and West South Central and Mid-Atlantic divisions had lesser rate ratios (p < 0.01; Table 1 ). APC for each Census division was not statistically significant with the exception of that of the West North Central division, which had an APC of -4.20 (p < 0.01). Annual rates for the West North Central division declined monotonically during the study period (2.13, 2.09, 1.94, and 1.89 for 2011, 2012, 2013, and 2014, respectively). We found no statistically significant change in the APC among states making up this region.
Discussion
We found the ALS mortality rate was 1.70 per 100,000 in the United States. Consistent with the proportion of excluded death records, this rate is about 21% lower than that found by Mehal et al. [11] in a study that did not exclude other MNDs or progressive supranuclear palsy over the period 1999-2009. In the present study, rates by subpopulations showed elevations among males and whites that increased with age until approximately 70-79 years. These subpopulations also had increased rates in previous studies of ALS mortality in the United States [11, 12] . The fact that ALS incidence and prevalence is greater among men has been a consistent finding across studies [13] . This difference between sexes may be due to occupational exposures that historically occurred more commonly among men [14] or a neuroprotective effect of estrogen [15] . ALS incidence has been characterized as increasing with age though age 75 and rapidly declining thereafter [14] . This decline in incidence may be due to difficulties with ascertainment among the elderly. Al-Chalabi and Hardiman note that "older patients are more likely to be referred to nonneurological services, and ALS might be under-recognized in older people because being weak or wasted may be regarded as a normal part of ageing, or may be ignored in someone with multiple medical problems" [13] . Consistent with the race-specific mortality rates that we found, other studies have found lower incidence and mortality rates among non-whites [16, 17] ; however, the majority of population-based epidemiologic studies of ALS have been persons of European ancestry [13] . Similarly, other studies have also found lower ALS mortality rates among Hispanics [1, 17] . Lower incidence and mortality among non-whites and Hispanics may reflect under-ascertainment among nonwhites or a genetic factor predisposing whites to ALS [17] .
We found no statistically significant temporal trend in the overall mortality rate, but perhaps this should be expected given that only 4 years of data were analyzed. Still, Mehal et al. [11] found the overall US mortality rate (for all deaths coded G12.2) was stable during the period 1999-2009.
We found evidence of a tendency for states at more northern latitudes to have greater age-adjusted ALS mortality rates than states at more southern latitudes. This is consistent with previous US mortality studies of MND and ALS [11, 12, 18] . A recent review of global ALS epidemiology showed a trend of ALS incidence to increase with higher latitudes among European countries [19] . These regional differences in ALS rates may be due to patient factors, including environmental exposures and genetic predisposition [19] . Our finding of an association between northern latitudes and increased mortality rates among whites only may be related to such factors (e.g., geographic patterns of European immigrant settlement in the United States). An additional study of patient factors, such as access to health care and socioeconomic sta- tus, and their relationship to ALS mortality should be considered. In order to accurately identify ALS, the National ALS Registry submitted a modification request to the committee overseeing the ICD-10 codes in the United States, specifically, the addition of G12.21 for ALS. This change has been made in the 2017 revision and will allow accurate identification of incidence, prevalence, and mortality of ALS in the United States.
This study is limited by the accuracy of death certificates for ALS. However, as the diagnosis of ALS is typically not ambiguous at advanced stages [20] , one would expect the rate of false-negative misclassification of ALS as a cause of death to be low. To explore this, we examined mortality data from the Agency for Toxic Substances and Disease Registry's National ALS Registry, 2010-2013. The Registry actively identifies US ALS cases using data from national health services programs (Medicare, Medicaid, and medical assistance programs administered by the Veteran's Administration) and passively via a web portal [5] . Using National Index Data to determine the multiple cause of death for deceased cases, the true positive rate was 0.865 (i.e., among 17,642 registrant deaths, 15,252 had ICD-10 code G12.2 appearing as a cause of death; 95% CI 0.859-0.870). This suggests that death certificate accuracy for ALS in the United States is good and approximately in the middle of the range of published true positive rates for ALS on death certificates [21] . In addition, when comparing our results to those from other countries, one should be mindful of international differences in ICD-10 rubrics (e.g., ICD-10 Clinical Modification in the United States, ICD-10 Australian Modification, etc.). Differences between rubrics may be seen in the 5th position of specific disease codes [22] , which is the position that differentiates between different clinical phenotypes of MND.
In summary, compared with other MND subtypes, ALS is the most malignant with shortest survival [4] . Excluding deaths from other MNDs and progressive supranuclear palsy in data coded using the pre-2017 ICD-10 rubric reduces the total number of deaths attributed to ALS and the adjusted death rate by about 21%. Consistent with other studies, ALS mortality rates with these exclusions were greater among men and whites and generally increased with age. There is evidence of an association between higher latitudes and increased ALS mortality. Although rare, ALS is a devastating disease that imparts large economic impact to patients and society [23] . In addition to ongoing ALS mortality surveillance, the National ALS Registry monitors ALS prevalence in the United States [5] ; such Registry data are important for trend analysis and the identification of possible risk factors.
